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Abstract
Although preterm delivery and low birth weight (LBW) have beenBackground: 
studied in India, findings may not be generalisable to rural areas such as the
Marathwada region of Maharashtra state. There is limited information available
on maternal and child health indicators from this region. We aimed to present
some local estimates of preterm delivery and LBW in the Osmanabad district of
Marathwada and assess available maternal risk factors.
 
: The study used routinely collected data on all in-hospital births in theMethods
maternity department of Halo Medical Foundation’s hospital from 1 January
2008 to 31 December 2014. Multivariable logistic regression analysis
provided odds ratios (OR) with 95% confidence intervals (CI) for preterm
delivery and LBW according to each maternal risk factor.
 
: We analysed 655 live births, of which 6.1% were preterm deliveries.Results
Of the full term births (N=615), 13.8% were LBW (<2.5 kilograms at birth). The
odds of preterm delivery were three times higher (OR=3.23, 95% CI 1.36 to
7.65) and the odds of LBW were double (OR=2.03, 95% CI 1.14 to 3.60)
among women <22 years of age compared with older women. The odds of both
preterm delivery and LBW were reduced in multigravida compared with
primigravida women regardless of age. Anaemia (Hb<11g/dl), which was
prevalent in 91% of women tested, was not significantly related to these birth
outcomes.
 
: The odds of preterm delivery and LBW were much higher inConclusions
mothers under 22 years of age in this rural Indian population. Future studies
should explore other related risk factors and the reasons for poor birth
outcomes in younger mothers in this population, to inform the design of
appropriate public health policies that address this issue.
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Introduction
Birth weight is an important public health indicator as it is a strong 
predictor of neonatal as well as lifelong health outcomes1. Low 
birth weight (LBW) is defined as weight at birth of less than 2500 
grams (<2.5 Kilograms)2, which is usually associated with preterm 
delivery (typically less than 37 weeks of gestation) or restricted 
intrauterine development3. Maternal factors such as nutrition, body 
mass index (BMI) and exposure to conditions such as malaria, 
tuberculosis and HIV may affect birth weight4. Globally more than 
20 million LBW infants (15.5% of total births) are born every year, 
of which about 95% are from developing countries2,3. LBW babies 
have a 20 times higher risk of death than babies with normal birth 
weight, and have a higher probability of lifetime morbidity, irre-
spective of ethnic differences across populations internationally5.
In India it is estimated that 30% of babies are LBW, with nearly 
half being born full term3. Whilst LBW prevalence and associated 
risk factors have been studied using national survey data, the gen-
eralizability of previous findings is limited due to the considerable 
heterogeneity between communities, particularly in rural areas. 
There is a sizeable population for which these data are not docu-
mented, leaving a major gap in existing literature. The Marathwada 
region in the state of Maharashtra has limited data on birth outcomes 
for its population of approximately 18 million. A recently published 
study using Latur District Hospital records from the Marathwada 
region found a LBW prevalence of 26.7%6. However, no data are 
available for the more deprived districts of Marathwada, such as 
Osmanabad, which has a population of approximately 1.5 million 
and where the overall literacy rate is 67% (57% among females), 
20% lower than the state average7. Approximately 18% of the dis-
trict’s population belongs to scheduled castes and tribes, recognised 
as being particularly deprived by the Indian government, and only 
16% of the total population resides in urban areas7. Healthcare 
access is not uniform across the region, creating further challenges 
in implementing routine data collection, particularly in rural and 
difficult to reach areas8. We conducted a study to provide local 
estimates of preterm delivery and LBW and investigate some key 
maternal risk factors using hospital data from a rural Marathwada 
region in Maharashtra state, India.
Methods
Halo Medical Foundation (HMF) is a non-governmental organi-
sation (NGO) with a hospital in the Osmanabad district of 
Marathwada region that provides medical services to a population 
of nearly 100,000, spread across 60 villages8. All services are pro-
vided at less than 50% of the price charged by neighbouring urban 
hospitals, and the hospital is attended by patients from all socioeco-
nomic groups8. We conducted a retrospective study using routinely 
collected data on all in-hospital births in the maternity department 
of HMF’s hospital from 1st January 2008 to 31st December 2014.
Birth weight was recorded for all live births immediately after birth 
under the direct supervision of an obstetrician. Low birth weight 
was defined as a weight of less than 2500 grams (<2.5 Kilograms) 
recorded immediately after birth3. Determination of gestational 
age was based on menstrual history, clinical examination and 
ultrasonography investigation conducted and recorded by an obste-
trician. Deliveries occurring before 37 weeks were defined as 
preterm2. Maternal haemoglobin was measured prior to delivery 
by a qualified technician using the Sahli’s hemometer method 
(finger prick technique). This provides instant results, thus it is 
commonly used in the HMF hospital. Maternal anaemia was 
defined as haemoglobin levels of less than 11.0 g/dl10.
The study used HMF hospital data retrospectively, with no com-
munication made with doctor, patients, or any other third party for 
the project. The data was freely available at HMF. Thus, external 
approval was not deemed necessary. The HMF governance board 
approved this project and gave permission to use anonymised 
data (Dataset 126). The study is reported in accordance with the 
STROBE guidelines (Supplementary Table 1)9.
We restricted analyses to singleton live births, and following an 
initial descriptive summary of the deliveries, logistic regression 
analysis was conducted to investigate the association of maternal 
factors (age [older or younger than the mean], gravidity [primi-
gravida or multigravida] and anaemia) with preterm delivery and, 
among full-term deliveries only, having a LBW baby. Results are 
reported as unadjusted and adjusted odds ratios (OR) with 95% 
confidence intervals (CI). Statistical significance was ascertained 
based on a p value <0.05. All analyses used the licensed statistical 
software package IBM SPSS (version 20).
Dataset 1. HMF Hospital Delivery Data 2008–2014
http://dx.doi.org/10.5256/f1000research.10659.d149854 
The attached dataset includes information on maternal age, 
gravidity, haemoglobin levels, delivery term, and birth weight of 655 
study samples.
Results
Throughout the study period, 685 deliveries were carried out at 
the hospital. After excluding missing data (n=4), twin pregnancies 
(n=8) and stillbirths (n=18), we analysed 655 cases of singleton live 
births. For these 655 cases, mean maternal age at delivery was 22 
years, with 93% normal vaginal deliveries and 7% caesarean sec-
tions. The sex ratio at birth was 1.07 (males n=340, females n=315), 
and none of the study participants had any systemic diseases such as 
hypertension or diabetes, or habits which may have influenced birth 
weight or delivery term, such as smoking. Table 1 summarises the 
descriptive details of the analysed live births, 6.1% of which were 
preterm deliveries. All preterm deliveries were natural and none 
were induced by the healthcare provider. Of the full term deliveries, 
13.8% were LBW babies.
Logistic regression analysis showed higher odds of preterm 
delivery in women younger than 22 years of age than in older 
women at the time of delivery (adjusted OR 3.23, 95% CI: 1.36 
to 7.65, p=0.008) (Table 2). Gravidity was not associated with the 
odds of preterm delivery. Maternal anaemia, occurring in 91% 
(356) of the 391 women tested, was not associated with preterm 
delivery. Among full term deliveries, the odds of delivering a LBW 
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Table 2. Logistic regression analyses to assess risk factors for preterm delivery. N=655 singleton live 
births, unless specified otherwise. Reference category for each variable is indicated as 1.
Characteristic Outcomes Crude odds ratio^ 
(95% CI)
Adjusted odds 
ratio^ (95% CI)
p value for 
adjusted OR
Preterm 
delivery 
N (%)
Full term 
delivery 
N (%)
Maternal age in years 
(N= 655) 
≥22 years 
<22 years
10 (25.0) 
30 (75.0)
318 (51.7) 
297 (48.3)
1 
3.21 (1.54 to 6.69)
1 
3.23 (1.36 to 7.65)* 0.008
Gravidity (N=655)
Multigravida 14 (35.0) 304 (49.4) 1 1
Primigravida 26 (65.0) 311 (50.6) 1.82 (0.93 to 3.54) 0.95 (0.43 to 2.11)+ 0.90
Maternal anaemia status 
(N=391)
Not anaemic (Hb ≥ 11 g/dl) 3 (13.0) 32 (8.6) 1 1
Anaemic (Hb < 11 g/dl) 20 (87.0) 336 (91.4) 0.64 (0.18 to 2.25) 0.61 (0.17 to 2.2)*+ 0.49
^ : Odd ratios compare preterm with full term delivery
* : Adjusted for gravidity
+ : Adjusted for maternal age (used as a continuous variable following linearity assessment).
Table 1. Characteristics of singleton live births. 
N=655 unless specified otherwise. SD: standard deviation.
Characteristic Classification Participants 
(N=655) (n, %)
Maternal age Mean years ± SD 22.15 ± 3.17
Gravidity Primigravida 337 (51.5%)
Multigravida 318 (48.5%)
Haemoglobin 
estimation 
performed 
on the day of 
delivery
Yes 391 (59.7%)
No 264 (40.3%)
Mean haemoglobin 
g/dl ± SD (N=391)
9.33 ± 1.14
Delivery term Full term 615 (93.9%)
Preterm 40 (6.1%)
Birth weight 
among full 
term deliveries 
(N=615)
Low birth weight 
(<2.5 kg)
85 (13.8%)
Normal birth weight 
(≥2.5 kg)
530 (86.2%)
Mean birth weight 
kg ± SD
2.83 ± 0.44
Discussion
In summary, our results show a higher likelihood of preterm deliv-
ery and having a LBW baby in women of the Marathwada region 
younger than 22 years of age at the time of delivery. Gravidity and 
anaemia were not associated with these birth outcomes.
Strengths and limitations
This is the first study that uses data from a rural area of the 
Marathwada region to investigate maternal factors associated with 
both preterm delivery and LBW. The same obstetrician recorded 
all maternal health parameters and birth outcomes from in-hospital 
births throughout the study period. Preterm and full term deliveries 
were distinguished by the obstetrician through clinical examina-
tion and menstrual history and ultrasonography investigation at the 
time of admission. None of the study participants were diag-
nosed with hypertension, diabetes or other systemic conditions 
prior or during pregnancy, thereby limiting the influence of these 
confounders on our two main outcomes, LBW and preterm 
delivery.
The study hospital serves women across all social classes and, thus 
these estimates are likely to be representative of the local popula-
tion in Marathwada region. However, our use of retrospective hos-
pital records means that a detailed investigation of other maternal 
factors and probable confounders associated with birth outcomes is 
not feasible. Important factors including detailed medical history, 
birth spacing, maternal body mass index, education, socioeconomic 
status, healthcare access, knowledge and pregnancy complications 
which may have had important roles in our study population, were 
not available.
baby was twice as high in mothers who were <22 years of age 
at the time of delivery (adjusted OR 2.03, 95% CI: 1.14 to 3.60, 
p=0.02) (Table 3). Primigravidas were two times more likely to 
deliver LBW babies compared with multigravidas (adjusted OR 
2.87, 95% CI: 1.54 to 5.36, p=0.001). Maternal anaemia was not 
associated with having a LBW baby.
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Comparison with other studies
A community-based prospective study involving 45 villages in 
the Pune district of Maharashtra in the early 1990s reported that 
29% of babies in the study were LBW11. In the Pune study, LBW 
was significantly more prevalent in primiparae who were less than 
20 years of age at the time of delivery than in mothers that were 
21 to 25 years of age. A recent hospital based retrospective study 
from the southern western district of Maharashtra state investigated 
outcomes of teenage pregnancies (maternal age ≤19 years)12. The 
study showed that teenage mothers were three times more likely to 
deliver preterm (OR 2.97, 95% CI: 2.40 to 3.70), and twice as likely 
to deliver a LBW baby (OR 1.80, 95% CI: 1.50 to 2.20) compared 
to older mothers. Findings from both studies outlined above are in 
agreement with our results.
However, a case-control study by Mumbare et al from Marathwada 
region reported no association between maternal age and birth 
weight (OR 0.53, 95% CI: 0.24 to 1.19)6. The study found that a 
higher risk of LBW in full term delivery cases was associated with 
maternal weight (≤ 55 kilograms), maternal height (≤ 155 cm), 
weight gain during pregnancy (≤ 6 kilograms), and subsequent 
pregnancy spacing (<36 months). This case-control study6 obtained 
data from two centres; the Medical College Hospital of Latur city, 
based in Marathwada region, and the Medical College Hospital 
of Nasik city, based in western Maharashtra, which has higher 
socioeconomic profile compared to our study population (data from 
July 2009 to December 2009). In this study, the mean maternal 
age at delivery was 23.19 years (SD: 3.37), similar to the mean 
age of participants in our study (22.15 years, SD: 3.17). Authors 
of the case-control study stated that the high prevalence of LBW 
(26.8%) could be because both study hospitals were tertiary care 
centres located in the main city of their respective districts, where 
high-risk pregnancy cases are referred to from surrounding vil-
lages and blocks6,13. Unlike the Mumbare et al, our data came from 
a rural hospital with comparatively low risk pregnancies (no 
systemic diseases or tobacco consumption were observed in our 
participants)6.
Findings from other parts of the country also showed a higher risk 
of LBW and preterm delivery in younger mothers (typically defined 
as less than 20 years)14,15. Mean birth weight in our study was 2.83 
kilograms, 16 grams higher than findings from the Karnataka 
Table 3. Logistic regression analyses to assess risk factors for low birth weight. N=615 full term 
singleton live births, unless specified otherwise. Reference category for each variable is indicated as 1.
Characteristic Outcomes Crude odds 
ratio^  (95% CI)
Adjusted odds ratio^ 
(95% CI)
p value
Low birth 
weight 
N (%)
Normal birth 
weight 
N (%)
Maternal 
age in years 
(N=615)
≥22 years 24 (28.2) 294 (55.4) 1 1
<22 years 61 (71.8) 236 (44.6) 3.17 (1.92 to 5.23) 2.03 (1.14 to 3.60)* 0.02
Gravidity 
(N=615)
Multigravida 20 (23.5) 284 (53.5) 1 1
Primigravida 65 (76.5) 246 (46.5) 3.75 (2.21 to 6.37) 2.87 (1.54 to 5.36)+ 0.001
Maternal 
anaemia 
status (N=368)
Not anaemic 
(Hb ≥ 11 g/dl)
5 (10.9) 27 (8.4) 1 1
Anaemic 
(Hb < 11 g/dl)
41 (89.1) 295 (91.6) 0.75 (0.27 to 2.06) 0.75 (0.27 to 2.1)*+ 0.59
^ : Odd ratios compare low birth weight with normal birth weight
* : Adjusted for gravidity
+: Adjusted for maternal age (used as a continuous variable following linearity assessment).
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study11. The Karnataka study had a larger sample size (n=1138) 
and reported a LBW prevalence of 23%, higher than in our study. 
LBW prevalence of 8% to 30% reported in other Indian studies var-
ied mainly due to study locations, sample size, hospital type (pri-
mary health centres based in villages or district hospitals based in 
cities), and maternal characteristics such as diet, BMI and ante-
natal services16–21. The recent Indian National Family Health 
Survey (NFHS-3) reported 34% of LBW babies at national level, 
with higher prevalence in rural areas compared to urban regions22. 
Lastly, a very high prevalence of maternal anaemia (91%) among 
those tested was noted in our study, which is consistent with find-
ings from other regions; however, no significant effect was seen on 
preterm delivery or birth weight in full term deliveries23. It should 
be taken into account that half of the participants were tested in 
the week preceding delivery and the rest were tested on the day of 
delivery.
Conclusion
The practice of early marriage followed by pregnancy is com-
monly observed in our study area. This is influenced by various 
factors such as parental education, financial resources, and will-
ingness to support higher education for girls24. Though the current 
legal age for marriage is 18 years for girls in India, child marriage 
remains prevalent at both state and national level25. Following our 
observations, it may be advisable to plan the first pregnancy after 
21 years of age. However this needs to be supported by 
necessary implementation of legislation on marriage age by the 
government authorities. Future studies should explore the reasons 
for poor birth outcomes in younger mothers in this population to 
inform the design of appropriate public health policies to address 
this issue.
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Are all the source data underlying the results available to ensure full reproducibility?
Yes
Are the conclusions drawn adequately supported by the results?
Yes
 No competing interests were disclosed.Competing Interests:
I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
Author Response 06 May 2017
, University of Nottingham, UKAnand Ahankari
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 , University of Nottingham, UKAnand Ahankari
Dear Prof Gothankar, 
Thank you very much for reviewing our paper. I have provided explanation below regarding 'Low
Risk Pregnancies', which will be useful for readers. 
Data in our study: Systematic diseases includes hypertension and diabetes mellitus (DM) were
evaluated using investigations in the hospital by a gynaecologist. Serum glucose level was
assessed during routine antenatal care, and blood pressure was measured at the same time. The
absence of systematic disease was confirmed prior to the delivery at the hospital. 
Data from Mumbare et al paper (ref 6): As explained in our paper, the research findings of
Mumbare et al (6) used data from a district hospital (tertiary/advance healthcare facility), where
high risk pregnancies were predominantly referred. However our data comes from a rural hospital
where advance health services were not available thus only low risk pregnancies (with no
systematic complications) were conducted at HMF's hospital. 
I hope that readers will find this additional explanation useful. 
Thank you once again for your valuable time. 
Dr Anand Ahankari 
 NoneCompeting Interests:
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 Rahul Ramesh Bogam
Department of Family and Community Medicine, King Faisal University, Kingdom of Saudi Arabia, Saudi
Arabia
Introduction
The present study is the retrospective analysis of hospital based data to identify some local
estimates of preterm delivery and Low birth weight(LBW) in the Osmanabad district of Marathwada and to
assess available maternal risk factors. As per author's information, this was the first study in Marathwada
region of Maharashtra State to explore the information about maternal and child health indicators from this
region. It is a well written manuscript with appropriate presentation of results.
Few suggestions/ recommendations :
Objectives / Goals
There is need to mention   objectives/ goals. In the introduction section,authors tried toclear/specific
mention objectives but it needs to specified. For example: 'To investigate some key maternal risk factors'
can be replaced by ' To determine/ find out association of maternal risk factors with.....'. In short,
objectives/goals can be re -framed.
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 objectives/goals can be re -framed.
Methods
Authors have not justified the inclusion of this specific period - i.e.1st January 2008 to 31st December
2014. Authors are encouraged to provide justification for the same. Detailed inclusion and exclusion
criteria need to be mentioned in METHOD section.
Discussion
Strengths and limitations should be at the end of discussion section rather than at the beginning. The
heading ' Comparison with other studies' may be removed from discussion section as DISCUSSION itself
reflects comparison with other studies. Please make sure that all TABLES should be a part of RESULT
section, not of the DISCUSSION section.
Conclusion
This section can be supplemented with the heading "RECOMMENDATIONS'', or there can be separate
section of recommendations as authors have given recommendations based on study findings.
Key words
Authors are encouraged to provide key words for their study.
 No competing interests were disclosed.Competing Interests:
I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
Author Response 24 Mar 2017
, University of Nottingham, UKAnand Ahankari
Dear Dr Bogam, 
Thank you for your valuable time to review our research paper. I have provided a brief response to
your comments below. 
Regarding study objectives: In the abstract, we followed a recommended guideline of the journal,
thus a separate title on the study objective was not included. The last part of the introduction is the
study objective ("We conducted a study to provide local estimates of preterm delivery and LBW
and investigate some key maternal risk factors using hospital data from a rural Marathwada region
in Maharashtra state, India"). We are happy to re-frame this, if advised by the journal editors. 
Regarding methods: The reason for the specific duration is mainly due to the project timeline.
There is no other reason to use the give timeline. 
Regarding discussion, conclusion and keywords: We have provided manuscript, tables and
datasets seperately to the journal. The article type setting and sequence is solely managed by the
journal. We submitted all files in accordance with the journal requirements. We also submitted
keywords, and believe that those will appear during the final approved submission. 
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 keywords, and believe that those will appear during the final approved submission. 
Thank you once again for your valuable time. We hope that   readers will find thisF1000Research
comment section useful. 
Dr Anand Ahankari 
 NoneCompeting Interests:
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